Oxya chinensis is one of the most widespread grasshopper species found in China and 26 one of the most common pests against rice. Due to the importance of haemocytes in 27 insect immunity and limited information on the haemocytes of O. chinensis, their 28 haemocytes were examined in detail. The cellular response of the grasshopper was 29 challenged with bacteria Escherichia coli, Staphylococcus aureus and Bacillus subtilis. 30 The morphology of the haemocytes was illustrated by the use of light, scanning electron 31 and transmission electron microscopy, where different morphological varieties of 32 haemocytes were observed. Granulocytes and plasmatocytes responded to the 33 challenged bacteria by phagocytosis. The histochemical staining has indicated the 34 presence of acid phosphatase in plasmatocytes and granulocytes. Non-phagocytic 35 prohemocytes and vermicytes were noticed, but their functions in the circulation are 36 unclear. Our results demonstrate an essential role of plasmatocytes and granulocytes in 37 the innate immunity of O. chinensis. Insect haemocytes play a crucial role in cellular 38 immunity, and further research is needed for a comprehensive understanding.
Bacterial infection experiment
Bacteria E. coli, B. subtilis and S. aureus were purchased from China General 137 Microbiological Culture Collection Centre (Beijing, China). Thirty adult grasshoppers 138 were separated into three groups and were injected, respectively, with 10μl of E. coli, B. 139 subtilis or S. aureuor (1x10 5 ml -1 ) suspended in phosphate buffered saline (pH7.4). 140 Bacteria were injected using a microsyringe between the second and third ethanol (75%) 141 sterilised segments of the abdomen. All grasshoppers were alive at the end of the 142 experiment. The thorax of the grasshoppers was disinfected with ethanol and pierced 143 with a needle to extract haemolymph at 4, 8, 12, 24 and 48 hours after the treatment. A 144 gentle squeeze of the thorax was applied to promote bleeding, and a pipette was used to 145 collect blood. Slides were prepared and stained with Wright-Giemsa as described 146 previously. Under the scanning electron microscope, granulocytes showed a rough surface ( Fig. 3 ).
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The small lumps on the cell membrane were thought to be the cytoplasmic granules The granular-less phagocyte, plasmatocytes, were polymorphic with round, oval, They were prohemocytes and vermicytes. These two cell types were morphologically 244 distinctive to plasmatocytes and granulocytes. Prohemocytes were much smaller than 245 the others, which displayed a spherical shape of approximately 8-12 µm in diameter 246 (Fig. 2) . The large nucleus was dyed purple or violet with Wright-Giemsa, which almost 247 filled the whole cell. Prohemocytes had a smooth cell membrane under the scanning 248 electron microscope with no pseudopodia or other cytoplasmic projections (Fig. 3) . 249 Under the transmission electron microscope, mitochondria, endoplasmic reticulum, 250 Golgi apparatus, vacuoles, and other electron-dense and electron-lucent particles were 251 observed in the cytoplasm of prohemocytes ( Fig. 6 ). Vermicytes or vermin-formed haemocytes were found with distinct worm-shaped 266 cytoplasm and elongated nucleus (Fig. 2) . The span of vermicyte extensions can be over 304 Plasmatocyte and granulocyte were the most common haemocytes found during the 305 study, which comprised approximately 90 percent of the total cell counted ( Fig. 8 ).
Differential haemocyte count
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Slightly more granulocytes were found than plasmatocytes in the untreated grasshopper Acrida cinerea were not observed in O. chinensis (Yu et al., 1977) . ). Early studies have described cystocytes or coagulocytes as having fewer granules 387 than granulocytes, and interpret the cytoplasmic remnants as coagulum or coagulated 388 haemolymph (Costin, 1975 , Gupta, 1979 , Gillespie et al., 2000 , while later studies have 389 not mentioned their existence as a separate type. Cystocytes of Locusta migratoria is 390 classified as a subpopulation of granulocytes, which contain less red granules and 391 participated in phagocytosis (Yu et al., 2016) . The most reported role of cystocytes is 392 the coagulation of the insect haemolymph (Gupta, 1979, Zachary and Hoffmann, 1984) . 393 However, the coagulation process has been reported to require the cooperation of 394 haemocytes and the plasma (Dushay, 2009 ). Granulocytes in many species have been 
